ABSTRACT Introduction: Clinically signifi cant coronary artery disease (CAD) in military and civilian pilots may result in disasterous consequences. Pilots with undiagnosed CAD occasionally suffer acute coronary syndrome (ACS) infl ight. In single-pilot operations, ACS often ends in crew and passenger fatality. Current standards for assessing the presence of CAD are inadequate. In other nations, additional modalities are used to assess pilots for CAD. Case: A 38-year-old F-16 pilot with no cardiac risk factors presents with chest pain following an 8-hour fl ight. Angiogram reveals signifi cant single lesion stenosis. The pilot undergoes coronary artery bypass graft. Discussion: Signifi cant CAD is present in a very small minority of young pilots and more so in older pilots and those with cardiac risk factors. Exercise treadmill test (ETT) followed by multislice computed tomography (MSCT), in lieu of coronary angiography, is highly sensitive and specifi c in the diagnosis of CAD. MSCT has been implemented by the German Air Force with good results.
INTRODUCTION
Unrecognized coronary artery disease (CAD) in aviators can be deadly. Severe CAD can suddenly manifest as acute coronary syndrome (ACS). Fortunately, ACS in pilots during midfl ight is a rare event. When ACS does strike in fl ight, the pilot in command (PIC) may become incapacitated and unable to perform fl ight operations. In the airline industry, the copilot is available to assume fl ight duties and land the aircraft uneventfully. Recent events regarding a transatlantic Boeing 777 point to the unpredictability and lethality of infl ight ACS. The Boeing 777, bound from Brussels to Newark, was captained by a 60-year-old male with 32 years of airline experience. Halfway through the fl ight, the captain suffered ACS followed by sudden cardiac death (SCD). Fortunately, the copilot assumed PIC duties and a reserve pilot served as the copilot. A passenger who also happened to be a cardiologist was summoned to assist in reviving the captain. An onboard AED was used in attempt to revive the captain. Unfortunately, efforts to resuscitate the captain were unsuccessful. The fl ight continued on uneventfully and landed in Newark without incident. The captain was reported to be in "excellent health." He underwent the standard Federal Aviation Administration (FAA) class I fl ight physical every 6 months. Fatal aircraft accidents involving pilot incapacitation due to ACS are more common in general aviation. Given the fact that most private pilot operations are performed by a single pilot, a sudden incapacity of the sole aviator may result in a fatal accident.
Although no exact statistics exist on the probability of infl ight ACS in military, commercial, or general aviation pilots, the FAA estimates the probability to be 4 per 100 million fl ights. In an ongoing study, the FAA examined 44 infl ight incapacitations that occurred between 1982 and 1991. The events were broken down further into 33 accidents and 11 incidents. Nine of the 44 pilots identifi ed in the study had one or more antecedent conditions: myocardial infarction, angioplasty, coronary artery bypass graft, CAD, atrial fi brillation, hypertension, and diabetes. 1 In addition to the above risk factors, hyperlipidemia and smoking are signifi cant contributors to CAD. Therefore the older aviator with multiple risk factors may be identifi ed during the fl ight physical. Further testing, notably the exercise treadmill test, may be used to facilitate the diagnosis of CAD in at-risk aviators. However, exercise treadmill test (ETT) sensitivity for identifying those with CAD ranges from 10 to 70%. 2 Signifi cant CAD may be present but asymptomatic until a coronary plaque ruptures. Thrombosis at the plaque rupture site occurs followed by ACS. Most often, ACS in pilots during fl ight operations occur in the older pilot (>40) population. Consequently, age and cardiac risk factors are the most common reasons for which a pilot is referred for assessment of cardiac issues. Also, age plays a major role in the career of an airline pilot. FAA regulations prescribe the mandatory retirement age at 65 years, the chief concern being health reasons associated with the aging process.
At the other spectrum, very little is known regarding the presence of CAD in the young aviator population. Signifi cant CAD in those under 40 years of age is rare. The incidence of angiographically proven CAD in the young aviator group is 0.678 to 2.44%, respectively. 3 Whether the presence of CAD in the young pilot population is clearly associated with ACS is unknown. One may assume as much, most notably in the young aviator with the associated risk factors of smoking, hyperlipidemia, sedentary life style, and genetic predisposition for the development of CAD. However, the gold standard for the defi nitive diagnosis of clinically signifi cant CAD in all age groups remains coronary angiography (CA). CA is not without risk and thus is not used in the standard fl ight physical for the otherwise healthy civilian or military aviator. The question remains: how may young aviators be noninvasively screened for clinically signifi cant CAD?
This article reviews the epidemiology, screening, and impact of CAD in the young pilot population. A case study is presented describing a young male fi ghter pilot with clinically signifi cant CAD. Finally, noninvasive CAD screening methods are reviewed.
CASE REPORT
John Q. Public is a 38-year-old United States Air Force F-16 pilot. He departs his home station on an 8-hour transoceanic fl ight en route to a deployed location. The fl ight is long and physically demanding. Multiple infl ight refuelings are necessary to complete the mission. Cruise altitude is 32,000 feet. All pilots of the six-ship fl ight are required to wear the antiexposure suit. Consequently, cockpit operations are awkward and cumbersome. The six-ship fl ight arrives at its destination uneventfully. Support forces and additional aircrew arrive shortly thereafter onboard a KC-10. Completion of the mission leaves the F-16 pilots hot, hungry, dehydrated, and fatigued. Major Public completes the fl ight with no complaints other than fatigue.
Later that evening, Major Public is returning to his quarters from the chow hall. While traversing a slight incline, he begins to feel pressure in his chest. The pressure ceases with rest. Major Public feels dyspneic during the chest pressure episodes. Arriving at his quarters, he again feels a return of symptoms while climbing some stairs. Once again, symptoms resolve quickly with rest. Major Public is concerned. He attributes his symptoms to fatigue and heartburn. Later that night, Major Public seeks out the deployed fl ight surgeon (FS). After listening to Major Public's complaints, the FS conducts a thorough history and physical. At present, Major Public is asymptomatic. He may, however, reproduce his symptoms by walking up a fl ight of stairs. When describing the dull sensation and dyspnea, he demonstrates the Levine sign (clenched right hand held to the chest). He has not had any chest pain, paresthesia, nausea, pain to the left jaw, or back pain. Major Public admits the symptoms began roughly 2 months before, notably while walking uphill. The symptoms always resolved with rest. He attributed his symptoms to seasonal allergies and thought nothing of them. His symptoms have now worsened. Major Public has no cardiac risk factors and is within the norms for height and weight. There is no family history of heart disease. The physical exam is completely normal.
The FS is concerned. Although the presence of signifi cant CAD in a 38-year old with no risk factors is highly unlikely, it is determined that Major Public at least deserves a thorough cardiac assessment. Doing so in the deployed location would be possible but diffi cult. The KC-10 that accompanied the fl ight is departing in the morning bound for a destination in very close proximity to a U.S. military teaching hospital with full cardio-thoracic capabilities. In the meantime, Major Public is treated with 325 mg aspirin and H2 blockers. Sublingual nitroglycerin is available. He sleeps for 4-6 hours uneventfully. The next morning he feels well. While walking out on the apron to board the KC-10, Major Public experiences another episode of pressure to the chest and dyspnea. Symptoms resolve with rest. The fl ight departs and continues uneventfully. Ten hours later the KC-10 lands at the prescribed destination and Major Public disembarks. He is then admitted to the hospital and a cardiologist is consulted to assess the major for presence of CAD. Chest X-ray and EKG are normal. Cardiac studies, including troponin and CPK-MB levels, are normal. Workup for pulmonary embolus is negative. Complete blood count, complete metabolic panel, and urinalysis demonstrate no abnormalities. In spite of a negative cardiac work up, the cardiologist's index of suspicion remains high. Coronary angiography is scheduled.
Angiography reveals a single coronary lesion proximal to the left anterior descending artery (LAD). The area in question exhibits 80% stenosis. The area is not amenable to percutaneous transilluminary coronary angioplasty (PTCA). Cardiothoracic Surgery is consulted. Major Public undergoes a coronary artery bypass graft (CABG) using the left internal mammary artery (LIMA). Recovery is speedy and free of complication. A year later, Major Public receives an aeromedical waiver for fl ight duties in aircraft requiring two or more pilots.
DISCUSSION
The aforementioned case clearly describes premature CAD in a young pilot with no cardiac risk factors. Fortuitously, the outcome was favorable. But, the presence of advanced CAD in a young and healthy pilot may well be disasterous if not catastrophic. A review of the prevalence and screening modalities for CAD in young patients is therefore in order. Also, the case points out the need for more defi nitive CAD screening in both young and old aviators.
The incidence of symptomatic CAD in young adults is roughly 3%. 4 It is highly atypical. Premature CAD is usually seen in the presence of hypertension, smoking, diabetes, sedentary lifestyle, hyperlipidemia, or genetic predisposition as determined by family history. Patients with early CAD are usually male, given the cardioprotective effects of estrogen. In a cohort study of transplanted hearts (mean donor age 34) the prevalence of coronary disease was 50% with one in six teenagers manifesting coronary lesions. 5 There appears to be two distinct groups that manifest CAD at an early age. One group presents with single vessel stenotic plaque disease. Plaque rupture precipitates ACS. The plaque rupture seems to be related to acute physical or acute emotional stress with resultant coronary shear forces. The group tends to exhibit signifi cant vasospasm superimposed on a genetic predisposition for the development of dangerous plaque formation. The group exhibits long-term benefi t from coronary revascularization.
The second group of young patients suffering from premature CAD tends to present with a pattern of diffuse coronary disease. Diabetes, hypertension, and hyperlipidemia along with other CAD risk factors are present in the second group. This group of patients derives short-term benefi t from revascularization. Rapid progression of diffuse CAD predominates. Long-term outcomes are not as favorable when compared to the fi rst group.
